Objective. To qualitatively develop and test a set of candidate items for a new RA stiffness patientreported outcome measure (PROM) that capture the patient perspective. This is an essential first step in PROM development, prior to quantitative development, assessment and validation.
Introduction
RA is a chronic, systemic, inflammatory condition causing synovitis and resulting in pain, swelling and stiffness [1] . Early clinical observations recognized morning stiffness (MS) or early MS (EMS) as a common feature of RA [2] , and as such its subjective assessment was included in the original classification [3] and remission [4] criteria, and composite assessments of disease activity (e.g. [5] ). However, EMS/MS was omitted from remission and classification criteria updates, the DAS and the RA core set because of poor measurement properties of available patient-reported outcome measures (PROMs) [610] . Therefore, there is currently no obligation to assess stiffness in routine clinical care or clinical trials.
Despite this, stiffness continues to be frequently queried in research and clinical contexts and is a relevant symptom to RA patients. In research, MS is regularly employed as a study inclusion criterion and as an outcome measure [11] . Specifically, MS is one of the few patient-reported outcomes (alongside pain, function and patient global assessment) reported in 525% of research studies [12] . It has also been employed as the primary outcome measure in current research into timed-release glucocorticoid treatments [13] , the results of which will inform patient treatment in clinical practice. Clinically, stiffness is commonly observed in an RA population, with a recent prevalence estimate of between 70 and 75%, regardless of treatment status [14] . Clinicians report awareness [15] and regular assessment of MS [16] , and use it as an important variable in decision-making for changing patients' medication [17] . Presence of MS has also been found to be a determinant of earlier initiation of DMARDs in an RA population [18] . Importantly, patients report that stiffness has a significant impact on their life [15] , specifically work life [19] . Yet despite the relevance and common use of stiffness as a measure of disease activity, until recently it has rarely been the focus of research. However, recent qualitative work furthered understanding of the patient experience of this symptom and developed a conceptual model capturing patients' experiences of RA stiffness [20] . This was reinforced by work performed in a US patient sample [21] .
In work into remission and flare, stiffness assessment has been identified as an area requiring investigation [22, 23] . This is particularly relevant for determining remission in a clinical context, as it has been suggested that MS is likely to affect patients being unable to meet the stringent ACR/EULAR Boolean remission criteria [24] . Yet both a systematic literature review of stiffness PROMs in the assessment of low disease activity or remission [25] and an update of that review across all disease activity states [26] concluded that there was insufficient evidence supporting current stiffness PROMs, no indication of which stiffness PROM to use, and that no current PROMs had been developed with patient involvement. This is a fundamental concern as PROM development guidelines state that the purpose of PROMs are to capture what is relevant to the population of interest [27] . The importance of appropriate content validity in the development of PROMs has also been reinforced by the recommendation to include qualitative underpinning and involve the relevant population in PROM development [28, 29] . A lack of content validity in current stiffness PROMs was indicated in recent qualitative work where patients described stiffness as involving more than just severity and duration and not exclusively experienced in the morning [20, 21] . This contrasts with the most commonly used PROM assessments, which capture only MS severity or duration [25] . Given the apparent inconsistency between current stiffness assessment and the patient experience of this symptom, the aim of this study was to: clarify and/or expand the proposed stiffness conceptual model and obtain patient views on assessment; develop and then qualitatively test a set of candidate items for a new RA stiffness PROM that captures the patient perspective and demonstrates appropriate content validity resulting from development in accordance with best practice guidelines [2729] .
Methods
Study methods involved patient focus groups, item development and patient cognitive interviews. Ethics approval was granted by the Leeds East Research Ethics Committee (13YH0050).
Focus groups
Patients with clinician-diagnosed RA [3, 8] , aged 518 years, with the ability to speak English unaided were recruited from a rheumatology outpatient department in a UK hospital. Patients were invited to participate by a researcher (S.H.) or research nurse. Purposeful sampling was employed, and a sampling frame ensured patients with a range of age, sex and disease duration were recruited. Sample size was determined based on current recommendations [30] . Prior to each focus group, patients gave written informed consent and completed a brief questionnaire containing demographic and clinical information (HAQ [31] ; patient global assessment [32] ).
A focus group topic guide was developed: Part A asked about participants' experience of stiffness, to confirm or elaborate on the stiffness conceptual model developed in previous qualitative work [20] ; Part B asked participants about their views regarding how stiffness should be assessed. An iterative process that allowed ideas and concepts identified in early data collection to be explored in subsequent data collection was employed [33] . Focus groups were moderated by two researchers (S.H., E.D.) and audio-recorded, transcribed verbatim and managed using Nvivo 10 [34] , Microsoft Office Word and Excel 2013. Deductive analysis is driven by theoretical influences such as existing theory, previous research or coding frames [35] . The coding frame identified in previous stiffness qualitative work [20] (Part A), and a framework developed based on questionnaire design literature [36] [including the broad categories of: item stems and anchors, response options, time frame, layout and format (Part B)] were applied to these data.
Item (question) development
Item development was then performed, involving an iterative process of discussion with the expert study team and subsequent item refinement. Items were developed based on the combined qualitative data from this focus group study and from previous qualitative work [20] . The process was informed by PROM development guidelines [2729] .
It was also influenced by consideration of measurement theory, including the need for measurement tools to demonstrate appropriate measurement properties [37] , and by consideration of the 2014 OMERACT Filter, which evaluates outcome measures against the concepts of truth (is the measure unbiased?), discrimination (is the measure sensitive and reliable?) and feasibility (is the measure understandable and time efficient for ease of use in clinical and research environments?) [38] .
Cognitive interviews
All candidate items were then reviewed by each patient during cognitive interviews. Cognitive interviewing is a formal research methodology capturing the cognitive process of item response, enabling identification of difficulties with items or response option interpretation [39] . A separate sample of patients were recruited using the same criteria and methods as described above. Cognitive interviews were performed by one researcher (S.H.). Patients were asked to complete the candidate items as they would any questionnaire, but to explain what they were thinking as they read the item and judged their answers. Data were audio-recorded, transcribed verbatim and managed using Nvivo 10 [34] , Microsoft Office Word and Excel 2013. Data were analysed deductively based on the four headings of the four-stage cognitive model: Understanding (did the patient understand the item?), Retrieval (was the patient able to retrieve from memory the information required?), Judgement (was the patient able to make a judgement?) and Response (was the patient able to select an appropriate response?) [39] . The candidate items were then refined based on the cognitive interview data and discussion with the expert study team, thus developing the final list of candidate items for the new RA stiffness PROM.
Results
Overall, 27 RA patients with a range of demographics participated ( Table 1) . The results from each section have been described separately below.
Focus groups
Sixteen RA patients {11 female (68.8%), median age 64.5 years [interquartile range (IQR) 5772 years], median disease duration 6.5 years (IQR: 3.513 years)} participated across three focus groups (Table 1) , each focus group meeting lasting 120 min.
The present focus group data, obtained from this new sample of patients using a different method of data collection, supported our previous qualitative work [20] . Each previously identified theme within the conceptual model of the RA patient experience of stiffness (part of having RA; linked to behaviour and environment; local and widespread; highly variable; impacting on daily life; requiring self-management) [20] was supported by the focus group data, enhancing the robustness of the model ( Table 2 ). The patients are identified here by study number, gender and study identifier, for example: Study 2, male, study identifier 10 (2-M-10).
Investigation into the patient perspective of stiffness assessment provided insight into item stem categories and their relevance to patients, and patient preferences regarding response options, time frame and format. Participants raised item stem categories, including impact, location, timing, and stiffness after immobility (Table 3) . Other considerations for measurement that patients raised included the relationship between stiffness and symptoms such as pain and inflammation ['(. . .) stiffness, yes or no; with pain, yes or no; with swelling, yes or no' (2-M-10)] and the individual nature of stiffness: 'It's Patients provided clarification that stiffness was a patientrelevant word: 'Well, stiffness would be used, wouldn't it?' 'Everybody says it, don't they?' (2-M-10). 'Yes' (multiple responders). Importantly, patients reported that they found the concept of stiffness duration difficult to answer, feeling it was hard to remember or quantify: '. . . When you come to the doctor's and they say how long does it last, well, it's about that long, but it's a guess really' (2-F-09). 'Yes, and you suddenly realize you haven't got it then' (2-F-08) [agreement]. Patients stated that they were unsure what the start or end points in the clinician's questions on duration referred to: '. . . We're not working in the same way that the doctors are working, you know. In our minds, we're not sort of sitting there timing it' (2-F-16) (agreement and laughter) . . . Oh, I am thoroughly unstiffened, no . . . that's not the real world' (2-F-16). Additionally, duration items were not felt to capture the whole experience of stiffness because they focused on MS: '. . . If they're [clinicians are] just looking at morning stiffness, then that doesn't capture the general ongoing seizing-up-through-the-day stiffness; sometimes it does but quite often, well it doesn't at all. And morning stiffness for me is mostly where my RA is in a flare or it's not well managed . . . At the moment it's sort of fairly okay-ly managed, so I'm not getting a lot of morning stiffness, but I do seize up through the day' (2-F-16). Patients reflected that it was the clinician's insistence on asking about morning stiffness that led to it being discussed, but limiting it to mornings was not particularly relevant to them: 'I think, now we're talking about it, we only talk about the morning because that's what you ask us' (2-F-01) (laughter). 'That's right, that's right' (2-M-05). 'But it is, it's after anytime' (2-F-01). 'Any time of day really' (2-F-04).
Patients also discussed their preferences regarding relevant response options and layout, focusing on the importance of simplicity and brevity: 'Yes, less options' (2-M-06). 'Yes, less options' (2-M-10). 'More straightforward questions, less options' (2-M-06).
Item development
These focus group data on stiffness experience and assessment were combined with data from the previous qualitative work underpinning the conceptual model of the patient experience of stiffness [20] , and the datasets were mapped on to each other to form the basis for item development. From this, item stems, response options, time frame and layout and format were designed in an iterative process involving the expert study team of researchers, patients and clinicians. This process was informed by measurement theory [37, 38] , PROM development guidelines [2729] and consideration of the purpose of the PROM. Iterations of item development were captured in tracking tables [27] to enable checking and moving backward and forward through these data.
Specifically in relation to the development of item response options, measurement theory literature suggested that four or five response options are preferable, given that they place less burden on responders yet are still precise [40] , while a number of rheumatology PROMs with which RA patients may be familiar (e.g. the HAQ [31] and the Bristol Rheumatoid Arthritis Fatigue Multidimensional Questionnaire [41] ) use four response options. This was consistent with the focus group preference for few and simple response options; thus, both the literature and research informed the development of item response options. Additionally, 24 items were presented in several formats [visual analogue and numerical rating scales (VASs/NRSs) and Likert scales], in an attempt to discern the preferred format.
Overall, a bank of 77 candidate items were designed. These included the 24 items presented in multiple formats and six current stiffness PROM items (Table 4) identified in the literature review [25, 26] . Items were formatted into a paper questionnaire for further qualitative testing using cognitive interviews. To reduce participant burden, only one version of the items presented in multiple formats were included in the questionnaire, but all versions were discussed with all participants. Items were generally well understood. No difficulties were identified under the heading of Retrieval. Minor difficulties were identified for retained items under the headings of Understanding (n = 34), Judgement (n = 13) and Response (n = 18). These required changes, which although only minor, significantly improved the clarity and understanding of items. An example of a change made under the heading of Understanding was in the item: Has stiffness made it difficult to do fine movements? For example, do up buttons on a shirt or cardigan? The seasonal nature of the item was highlighted: 'Well, it's this time of year, you don't do up buttons, do you? (3-M-03)'. This item was therefore edited to be more broadly relevant, based on an example suggested in the previous qualitative work: 'Has RA stiffness made it difficult to do fine movements (for example, write with a pen)?' An example under the heading of Judgement included the observation that items requiring factual information were difficult to make a judgement on. For example with the item: How much has joint damage contributed to your experience of stiffness? (intended to differentiate between inflammatory and mechanical stiffness), one patient stated: 'That one is a bit hard to know because unless you have an X-ray or something you don't really know' (3-F-09). These items were either edited or removed. Under the heading of Response, it appeared that some layouts led participants to select answers they did not intend: 'Oh, did you say that one [answer] was ''very much so''?. . . Oh yes, got it in the wrong one, haven't I?' (3-F-06). As a result, the layout was changed, substituting a grid for boxes to ensure that the appropriate response option could be marked. Also in relation to Response, items using different response option formats (VAS/NRS/Likert scale) were discussed. Although patients described advantages and limitations with all formats, the NRS format was described as easy and clear: 'I think if you grade it up to 10 it is probably easier in people's minds . . .' (3-F-09), and therefore it was retained.
Overall, minor changes were made to items for consistency and to improve clarity and understanding. Thirty-six of the 77 items were removed, either because they had alternative formats to the retained NRS format, or because they contained information already captured in other items; four items were added based on patient suggestions. These included items to capture stiffness location, stiffness perceived as being different from usual, and two items capturing stiffness perceived to be a result of joint damage. The current stiffness PROM item capturing MS on a VAS was also replaced with another current stiffness PROM item from the literature (capturing stiffness rather than MS) ( Table 4) . A final bank of 45 candidate items (Table 5 ), including six current stiffness PROM items from the literature (Table 4) , were defined as suitable for taking forward into further testing for quantitative item reduction, structural development of the final PROM and validation.
Discussion
This body of work demonstrates that collaboration with patients, to better characterize and assess the patient experience of stiffness, results in a candidate list of items that assesses stiffness in an understandable and patientrelevant way. Previous qualitative work in the UK [20] and USA [21] demonstrated considerable similarities and improved understanding of the patient experience of stiffness in patients with RA. The conceptual model of RA stiffness [20] that emerged from that work was further explored here as part of the focus group discussions, and the model was confirmed in a new population of RA patients, using a different qualitative method, thus enhancing the rigor of the model [42] . This is of key importance as it supports the universality of the conceptual model themes with data from more than one country.
Importantly, these qualitative studies demonstrated that RA patient descriptions and assessment of stiffness are much broader than, and in some cases inconsistent with, those captured in existing stiffness PROMs. While this had been suggested in previous qualitative work [20, 21] , the results presented here enabled confirmation and further elaboration of these suggestions, using an approach that focused on the development of appropriate stiffness assessment. For example, while current stiffness PROMs capture MS duration or severity [25], RA patients described stiffness as not being exclusive to the morning [20, 21] and in the current study expressed difficulties with responding to items that focus solely on this time frame. Furthermore, the apparent multidimensional nature of stiffness identified in the conceptual model, particularly the impact that stiffness has on patients' lives [20] , was here identified as a relevant item stem category (Table 3) , challenging the narrow focus of current PROM items focusing on severity and duration alone.
The relevance of the concept of impact in patients with chronic conditions is not unique to the symptom of stiffness. The impact triad is a concept developed by patients and researchers, who propose that the severity of an outcome, its importance to patients and their ability to selfmanage it, all combine to form impact, and that these should all be captured in patient-reported outcome assessment [43] . Impact is also a key component of other recently developed and well-validated rheumatology outcome measures, including the Psoriatic Arthritis Impact of Disease [44] .
The biomedical interpretation of stiffness relates the symptom to the circadian rhythms of pro-inflammatory cytokines such as IL-6, which increase in the early morning [45] . However, patient descriptions of stiffness not being exclusively experienced in the morning period challenge this biomedical interpretation. This finding is supported by work with patients with PMR who similarly reported that stiffness is not purely experienced in the morning [46] and a recent Delphi study on the www.rheumatology.oxfordjournals.org development of a core domain set for PMR, in which patients expressed a preference for stiffness rather than MS [47] . Work in PMR has also questioned the adequacy of using duration as part of stiffness assessment [46] . This was consistent with the patient dislike of duration assessment expressed in this study, and is concerning when considering that stiffness duration items are frequently implemented in the assessment of stiffness in research trials [12] .
It is important to reiterate here that the purpose of a PROM is to capture the patient experience [27] . No current stiffness PROM appears to have previously been developed with such substantial involvement from the target population [26] . This demonstrates the added value of the new PROM items compared with those currently available. Poor content validity of current stiffness items may explain the inadequate psychometric performance of these items reported in the literature [610] . It also may explain the challenges reported concerning current items, e.g. patients find completing duration items difficult, are often forced to report a cut-off time [48] , and they have sometimes reported that they have no stiffness in a leader item asking about stiffness duration, only to later quantify the severity of that non-existent stiffness in a follow-up item [49] . This further supports the need for the involvement of the relevant population in the development of PROMs in order to enhance content validity and ensure that the patient experience is captured in outcome assessment.
These results also relate to work within the OMERACT group. We herein address some of the key areas discussed at the breakout group within the OMERACT [50] , including patient dislike of using stiffness duration as a measure and the importance of the impact of stiffness from the patient perspective. We emphasize the importance of further research on the topic of stiffness as highlighted on the research agenda of the report from the inaugural stiffness special interest group at OMERACT 2016 [26] . This study provides evidence for the importance of performing cognitive interviews during PROM development, as suggested in guidelines [2729] . While the cognitive interviews only identified minor difficulties with items, the changes subsequently made to items were crucial for enhancing acceptance by the intended population. If these difficulties had not been identified, then subsequent inaccurate data collection may result in the future.
These studies only recruited English-speaking patients from one UK-based rheumatology outpatient department, which may affect generalizability. However, conceptual similarities within qualitative work in a heterogeneous US population have been reported [21] , suggesting that these findings may be relevant in such populations. A further limitation relates to cognitive interviewing, which is performed in a controlled research environment that may differ from PROM use in an applied research or clinical setting. However, it is suggested that cognitive interviewing will identify the most significant problems with items [39] , thus ensuring that items are appropriate for use in applied settings. Item development was based on data generated in qualitative studies with small samples. However, qualitative studies were rigorously performed in an iterative process with clinical, patient and research experts and data saturation [30] was achieved in all studies. Furthermore, the qualitative nature of the item development is a key strength of this work, consistent with recommended PROM development methodology [2729] and recommendations from EULAR and OMERACT.
The final 45 candidate items have face and content validity. They are now suitable for quantitative research Please circle the number that best describes the impact that RA stiffness has had on your life over the past 7 days seeking to establish the smallest yet most internally consistent group of items required to form a new RA stiffness PROM. This can then be subject to psychometric property evaluation, including construct and criterion validity, reliability, sensitivity to change, floor and ceiling effects [37] . After administration of the items to a wider patient sample (e.g. with respect to socio-demographics, disease activity), classical and modern psychometric approaches can then be applied to determine the dimensionality of the construct, identify item redundancies and define a final, optimal set of items that best measures patient-reported stiffness. This work recognizes stiffness as a relevant and recordable patient symptom and is a significant step towards a standardized assessment tool with appropriate measurement properties.
